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Fig 1 Pros and cons of acid-etched SEM and FITC techniques in imaging
bone cells. (a). Acid- etched, high-resolution SEM image displayed resin-
casted osteocyte (Ocy)-canalicular system on the bone surface; (b). The di-
agram reveals the difference between the SEM and FITC imaging techniques
with the former showing mineral- buried Ocy on the surface only and the
latter technique imaging cells from the bone surface to inside the bone to
a depth up to >50 mm with any region, angle or direction interested; (c).
An example of an FITC image of the 6-mon-old rat tibia cortical bone
revealing osteocyte (Ocy), osteoblast (Ob) lining cells, and osteoclast
(OC); and (d). An example of a FITC-osteon image of the 30-year-old femur
cortical bone showing the Ocy-dendritic system surrounding the Haversian
canal.
Abstracts 197Brief CV
Research Area(s): Bioimaging, Biomechanics, Mechanical Systems Biology, In
silico Simulations, Finite Element Analysis
Technical Expertise: The research Dr. Mueller has completed and is
currently pursuing employs state-of-the-art biomechanical testing and simu-
lation techniques as well as novel bioimaging and visualization strategies for
musculoskeletal tissues. Today, these techniques are successfully employed
for the quantitative assessment and monitoring of structure function rela-
tionships in tissue regeneration, growth and adaptation. His approaches
are now often used for precise phenotypic characterization of tissue
response in mammalian genetics, mechanobiology as well as tissue engineer-
ing and regenerative medicine.
Email: ram@ethz.ch
Website: http://www.biomech.ethz.ch/people/people/All/mueller_r
A NOVEL WAY FOR QUALITATIVE AND QUANTITATIVE ANALYSES OF
MORPHOLOGIC CHANGES OSTEOCYTES IN HEALTH AND DISEASE
Y. Ren, Y. Liu, J. Q. Feng
Texas A&M Baylor College of Dentistry, Dallas, TX, USA
Recent studies have revealed multiple roles of osteocytes in bone meta-
bolism. However, detailed analyses of the embedded osteocytes in bone
structure are still limited because of the high mineral content around these
cells. In this study, we developed an innovative technique, the “FITC-Imaris
technique”, which combines FITC ([2,5]- Fluorescein isothiocyanate, a dye
that fills in all soft tissues but not hard tissues), confocal microscopy and
Imaris software (which was originally developed for neuronal visualization
and quantitation of 3D datasets). With this method, we could not only
visualize the 3-D morphology of embedded osteocytes without any changes
in bone matrix structures, but more importantly, we were able to statisti-
cally quantitate the osteocyte structure in the cell surface, total cell
volume, and dendrite numbers. Furthermore, we made a side-by-side
comparison of this new method with the acid-etched SEM imaging technique,
a common imaging method for studies of osteocyte morphology with a much
smaller cell depth (<3 m). Our data showed numerous advantages of this
new method over SEM techniques in studies of osteocyte structures.
Pathophysiological studies of osteoporosis have mainly focused on changes in
the balance of osteoblast and osteoclast function on trabecular
bones, although the cortical bone porosity as the main change in aging is
more critical. Because the short-lived surface cells cannot penetrate deeply
into bone, we reasoned that alterations of osteocyte structure/function are
responsible for porotic changes. This concept is supported by several lines of
evidence. First, advanced osteoporosis in compact bone is due to a
substantial increase in the Haversian canal area (>2 fold), a change
correlated with a significant reduction in osteocyte number/osteon, a
striking alteration in osteocyte morphology (from spindle to round), and a
reduced number, surface, and volume of the osteocyte dendrites. Second,
similar changes occur in the OVX monkeys and rats, respectively. And third,
there were lacks of bone remodeling in the aged human cortical bone,
although BMD was higher than the young bone. We thus propose that
osteocytes are the key cells building and maintaining bone mineralization, as
such, defective osteocyte function may underlie osteoporosis.
In summary, our new method, which is used for studies of osteocyte
structure, is more powerful than the existed techniques. Our functional
study demonstrated that osteocytes are the cells maintaining bone miner-
alization and remodeling, and poorly maintained bone remodeling, due to
defective Ocys, plays a key causal role in osteoporosis.Brief CV
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MICRO-TOMOGRAPHY BONE IMAGING CHALLENGES: HIGH RESOLUTION
(OSTEOCYTE LACUNAE), HIGH DENSITY (METAL IMPLANTS)
Phil Salmon
Bruker-microCT, BelgiumBone and osteoporosis research has played a role in driving the development
of microCT systems with high resolution and throughput for analysis of
preclinical and clinical bone samples. Bone research continues to create
requirements that test the frontiers of performance of micro/nanoCT
technology. It does so in two different directions.
First, in the direction of submicron nano-CT imaging: interest is growing into
the role of osteocytes within the bone matrix. MicroCT can measure in 3D
the size, shape and distribution of osteocyte lacunae, providing information
about the history of lacunar formation and remodeling e a four dimensional
time-stamp of the activity of the osteoblasts-osteocytes in growing and
remodeling bone. Osteocyte lacunae have a diameter range of 5e9 microns,
meaning that microCT voxel sizes of near or below a micron are ideal for
accurate measurement of osteocyte lacunar morphology. Good image signal
to noise ratio is also essential to resolve the lacunae from noise dots.
Second, in the direction of imaging of metal orthopedic implants which pose
a particular difficulty for microCT due to strong Z4-proportional X-ray ab-
sorption and consequent extreme beam hardening in metals. It is not the im-
aging of metals per se that is the problem, but more the imaging of much
lower density materials surrounding the metal e and in this context bone it-
self becomes a “very low density material”. This is a different technical
challenge for microCT requiring innovations in camera and source technol-
ogy and reconstruction software.
A new nanoCT instrument, the SkyScan2211, represents a step toward
solving both the above requirements, with two X-ray cameras optimized
respectively for both the above imaging challenges. The first is an 11
megapixel CCD, precisely coupled without geometric distortion to a
scintillator optimized for submicron resolution. The second camera is a
flat panel detector with special radiation-hardened electronics, optimized
for large and high-density objects, and a thicker scintillator for detection of
high energy X-rays. An X-ray source is fitted which again meets both the
submicron and the large object-high density challenges. While allowing a
submicron emission spot size for submicron resolutions, it also has a high top
voltage of 190 kV, significantly extending the possibilities for imaging metal
objects such as orthopedic implants. This instrument thus provides a multi-
scale solution from submicron imaging up to imaging of large metal-
containing objects. It represents a new technical resource extending the
frontier of imaging possibilities for bone and orthopedic research.Fig. 1. Submicron pixel resolution allows visualisation and analysis of
osteocyte lacunae as well as mineralisation heterogeneity.
